Introduction {#Sec1}
============

While exploring the limits of the standard model (SM), many experiments have spent decades looking for processes that do not respect Lepton Flavor Universality (LFU). Until 2014 this fundamental SM feature stood rather steady, but since then several B-physics experiments, started reporting results which conflict with it, to the surprise and excitement of the community. These results are encoded by ratios of branching ratios involving rare *b* decays and different lepton flavors.For the case of the *charged-current* interactions, we define: $$\documentclass[12pt]{minimal}
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                \begin{document}$$\begin{aligned} R_{D^*}&= \frac{ \mathcal B(B \rightarrow D^* \tau \overline{\nu })}{ \mathcal B(B \rightarrow D^* \ell \overline{\nu } ) }, \end{aligned}$$\end{document}$$ $$\documentclass[12pt]{minimal}
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                \begin{document}$$\begin{aligned}&R^{\text {exp}}_{D^*} = 0.310 \pm 0.015 \pm 0.008, \quad \nonumber \\&R^{\text {exp}}_{D} = 0.403 \pm 0.040 \pm 0.024, \end{aligned}$$\end{document}$$ to be compared with the theory predictions \[[@CR5], [@CR6]\] $$\documentclass[12pt]{minimal}
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                \begin{document}$$\begin{aligned} R^{\text {SM}}_{D^*} = 0.257 \pm 0.003, \quad R^{\text {SM}}_D = 0.299 \pm 0.003. \end{aligned}$$\end{document}$$For the case of the *flavor-changing neutral-current (FCNC)* interactions, we define: $$\documentclass[12pt]{minimal}
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                \begin{document}$$\begin{aligned} R_K^*&= \frac{ \mathcal B(B \rightarrow K^* \mu \overline{\mu }) }{ \mathcal B(B \rightarrow K^* e \bar{e} )}, \end{aligned}$$\end{document}$$ $$\documentclass[12pt]{minimal}
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                \begin{document}$$\begin{aligned} R_K&= \frac{ \mathcal B(B \rightarrow K \mu \overline{\mu }) }{ \mathcal B(B \rightarrow K e \bar{e} )}. \end{aligned}$$\end{document}$$ The LHCb Collaboration measured these rations in the di-lepton invariant mass bin$\documentclass[12pt]{minimal}
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                \begin{document}$$\begin{aligned} \left. R^{\text {exp}}_{K^*} \right| _{q^2\in [1.1,6]~\mathrm{GeV}}= & {} 0.685^{+0.113}_{-0.069} \pm 0.047, \nonumber \\ R^{\text {exp}}_K= & {} 0.745^{+0.090}_{-0.074} \pm 0.036. \end{aligned}$$\end{document}$$ The SM expectation value are with percent level accuracy \[[@CR9]\] $$\documentclass[12pt]{minimal}
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                \begin{document}$$\begin{aligned} \left. R^{\text {SM}}_{K^*} \right| _{q^2\in [1.1,6]~\mathrm{GeV}} = R^{\text {SM}}_{K} = 1.00 \pm 0.01. \end{aligned}$$\end{document}$$ In the lower $\documentclass[12pt]{minimal}
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                \begin{document}$$\begin{aligned} \left. R^{\text {exp}}_{K^*} \right| _{q^2\in [0.045,1.1]~\mathrm{GeV}} = 0.660^{+0.110}_{-0.070} \pm 0.024, \end{aligned}$$\end{document}$$ but the theory prediction is more delicate due to threshold effects and implies larger theoretical uncertainities \[[@CR9]\] $$\documentclass[12pt]{minimal}
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                \begin{document}$$\begin{aligned} \left. R^{\text {SM}}_{K^*} \right| _{q^2\in [0.045,1.1]~\mathrm{GeV}} = 0.906 \pm 0.028. \end{aligned}$$\end{document}$$The statistical significance of each anomaly does not exceed the $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$3 \sigma $$\end{document}$ level, but the overall set is very consistent and the pattern of deviations intriguing. Our analysis will be solely focused on the above mentioned LFU ratios; nevertheless, it is worth mentioning briefly the existence of additional data that exhibit tensions with the SM predictions. In particular, the most notable is a deviation of about $\documentclass[12pt]{minimal}
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                \begin{document}$$B\rightarrow K^*\mu \overline{\mu }$$\end{document}$ decays. Even though, given the non-negligible SM uncertainties \[[@CR12]\], the $\documentclass[12pt]{minimal}
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                \begin{document}$$P_5^\prime $$\end{document}$ anomaly is also not an individually definite NP signal, it has been pointed out that it has a common model-independent solution with the $\documentclass[12pt]{minimal}
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                \begin{document}$$R_{K^{(*)}}$$\end{document}$ anomaly, namely the modification of a single amplitude, the one induced by the semi-leptonic di-muon vector and axial operators  \[[@CR13]--[@CR15]\].

While the charged-current decays occur at tree-level, the FCNC decays appear at loop level in the SM, rendering a simultaneous explanation of both anomalies a notoriously difficult theoretical endeavor even in the most general effective field theory (EFT) scenarios without some degree of fine-tuning (see e.g. \[[@CR16]--[@CR29]\] for model-independent studies and \[[@CR30]--[@CR73]\] for attempts to cast specific NP models). Moreover, one observes, that the charged-current anomalies require an enhancement in the decay channel that involves the third generation SM fermions, i.e. *b* and $\documentclass[12pt]{minimal}
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                \begin{document}$$b \rightarrow s \ell \bar{\ell }$$\end{document}$ anomalies are resolved by assuming purely muonic NP effects.

The above motivate NP scenarios in which the third generation SM fermions is to be treated specially. On the one hand, the special role of the third generation in the radiative corrections of the Higgs boson self-energy and thus the famous problem of naturalness, is evocative of theories that have traditionally addressed this problem, such as Supersymmetry (SUSY).[1](#Fn1){ref-type="fn"} However, it can be easily checked \[[@CR79]\] that the R-parity conserving Minimal Supersymmetric Standard Model (MSSM) introduces amplitudes which are orders of magnitude smaller than the ones required to accommodate the one-loop level anomalies, let alone the tree-level ones. The study of the phenomenology of R-parity violating (RPV) interactions has shown instead that either the charged-current or the FCNC anomalies can be individually resolved \[[@CR61]--[@CR65]\], but a united solution which accommodates all other relevant low-energy bounds is impossible.

On the other hand, from a flavour point of view, a non-Abelian, $\documentclass[12pt]{minimal}
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                \begin{document}$$U(2)_q \times U(2)_\ell $$\end{document}$ flavour symmetry, acting on the light generations of SM fermions, is one of the most interesting proposals \[[@CR80]\]. Complemented with the dynamical assumption, that the NP sector is coupled preferentially to third generation, this setup can give a consistent picture for all low-energy flavour observables not only at Effective Field Theory (EFT) level \[[@CR67]--[@CR70]\] but also in UV complete models, in which $\documentclass[12pt]{minimal}
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                \begin{document}$$U(2)_q \times U(2)_\ell $$\end{document}$ flavour symmetry appears as a subgroup of a greater gauge sector and emerges at low energies  \[[@CR71], [@CR72]\]. Interestingly enough, the *U*(2) symmetries were initially proposed in the context of Supersymmetry \[[@CR80], [@CR81]\] in order to solve the 'flavour' problem of the MSSM, i.e. the abundance of new parameters introduced at the explicit soft SUSY breaking sector and their conspicuous 'near-CKM' alignment that avoids unacceptably large flavor-changing and CP-violating effects.

By invoking an appropriate flavour symmetry, it is possible to link the RPV sector to the origin of masses and mixings, while naturally suppressing the RPV couplings within the experimental bounds \[[@CR82]\]. In the current work, we employ the $\documentclass[12pt]{minimal}
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                \begin{document}$$U(2)_q \times U(2)_\ell $$\end{document}$ flavour symmetry to give a natural justification to the phenomenologically preferable hierarchy of the the RPV couplings. Unlike all previous studies in this framework, we have also taken into account the leptonic current that can be generated by the RPV interactions, besides the usual leptoquark-like current, and how it could affect the relevant amplitudes. A final fit within the natural region of the parameter space reveals certain implications for the SUSY spectrum.

The paper is organised as follows. In Sect. [2](#Sec2){ref-type="sec"} we review the RPV sector and the $\documentclass[12pt]{minimal}
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                \begin{document}$$U(2)_q \times U(2)_\ell $$\end{document}$ flavour symmetry. We suggest a suitable symmetry breaking pattern and rewrite the RPV couplings with the help of the resulting spurions. Subsequently, in Sect. [3](#Sec5){ref-type="sec"} we examine the relevant latest, low-energy constraints and in Sect. [4](#Sec13){ref-type="sec"} we perform a $\documentclass[12pt]{minimal}
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R-parity violating interactions under the $\documentclass[12pt]{minimal}
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The most general renormalizable, R-parity odd superpotential consistent with the gauge symmetry and field content of the MSSM is$$\documentclass[12pt]{minimal}
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                \begin{document}$$\begin{aligned} W_{\text {RPV}}= & {} \mu _i H_u L_i + \frac{1}{2} \lambda _{ijk} L_i L_j E_k^c + \lambda '_{ijk} L_i Q_j D_k^c\nonumber \\&+ \frac{1}{2} \lambda ''_{ijk} U_i^c U_j^c D_k^c, \end{aligned}$$\end{document}$$where there is a summation over the generation indices $\documentclass[12pt]{minimal}
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                \begin{document}$$SU(2)_\ell $$\end{document}$ indices.

Gauge invariance enforces antisymmetry of the $\documentclass[12pt]{minimal}
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                \begin{document}$$\begin{aligned} \lambda _{ijk}=-\lambda _{jik}. \end{aligned}$$\end{document}$$Gauge invariance also enforces antisymmetry of the $\documentclass[12pt]{minimal}
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                \begin{document}$$\begin{aligned} \lambda ''_{ijk}=-\lambda ''_{ikj}. \end{aligned}$$\end{document}$$Equation ([11](#Equ11){ref-type=""}) involves 48 parameters: 3 dimensionful parameters $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\mu _i$$\end{document}$ mixing the charged lepton and down-type Higgs superfields, and 45 dimensionless Yukawa-type couplings divided into 9 $\documentclass[12pt]{minimal}
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                \begin{document}$$\lambda '_{ijk}$$\end{document}$ couplings which break lepton-number conservation, and 9 $\documentclass[12pt]{minimal}
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                \begin{document}$$\lambda ''_{ijk}$$\end{document}$ couplings which break baryon-number conservation. For the sake of simplicity, we shall assume that these couplings are real numbers.

The standard motivation for R-parity is that it leads to conserved baryon number and thus ensures proton stability. Nevertheless, according to modern theoretical developments \[[@CR83]\], if the MSSM is an effective theory, rapid proton decay can also be induced by higher-dimensional, non-renormalizable operators suppressed by a scale lower than $\documentclass[12pt]{minimal}
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Regarding the leptonic terms with the coupling $\documentclass[12pt]{minimal}
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                \begin{document}$$\lambda $$\end{document}$, they may seem at first irrelevant in the context of the B-physics anomalies, but as we discuss in Sect. [3](#Sec5){ref-type="sec"} they can contribute to the $\documentclass[12pt]{minimal}
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Tree-level four-fermion operators {#Sec3}
---------------------------------

Expanded in standard four-component Dirac notation, the trilinear interaction terms associated with the $\documentclass[12pt]{minimal}
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                \begin{document}$$\begin{aligned} \mathcal {L}_\lambda= & {} -\frac{1}{2} \lambda _{ijk} \Bigg (\tilde{\nu }_{Li} \bar{\ell }_{Rk} \ell _{Lj} + \tilde{\ell }_{Lj} \bar{\ell }_{Rk} \nu _{Li} \nonumber \\&+\,\tilde{\ell }_{Rk}^* \bar{\nu }_{Ri}^c \ell _{Lj} - (i \leftrightarrow j) \Bigg ) + \text {h.c.} \end{aligned}$$\end{document}$$ $$\documentclass[12pt]{minimal}
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                \begin{document}$$y_t$$\end{document}$ \[[@CR85]\]. What is more, as recently shown \[[@CR65]\], one of the prominent attributes of SUSY, namely the gauge coupling unification is still preserved despite the decoupling of the first two generations and even in presence of RPV interactions.

Flavour structure {#Sec4}
-----------------

The flavour group we are considering is $\documentclass[12pt]{minimal}
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The RPV bilinear and trilinear terms in the superpotential can be obtained by appropriately contracting the superfields appearing in Eq. ([11](#Equ11){ref-type=""}) with the flavons. The order of magnitude of the RPV couplings is the governed by $\documentclass[12pt]{minimal}
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Constraints from low-energy observables {#Sec5}
=======================================

In this section, we analyse the main experimental constraints on the RPV interactions. The processes of interest are the ones that are affected by contributions of the $\documentclass[12pt]{minimal}
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Adding to the SM the RPV contribution generated by the respective operators in Eq. ([16](#Equ16){ref-type=""}), one obtains the effective Lagrangian describing $\documentclass[12pt]{minimal}
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We define the ratio:$$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\begin{aligned} R_{B \rightarrow K^{(*)} \nu \bar{\nu }} = \frac{ \mathcal B(B \rightarrow K^{(*)} \nu \bar{\nu })_{NP}}{ \mathcal B(B \rightarrow K^{(*)} \nu \bar{\nu })_{SM} }. \end{aligned}$$\end{document}$$The relevant effective Lagrangian at tree-level reads$$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\begin{aligned} \mathcal {L}(b\rightarrow s\nu \bar{\nu })= & {} -\frac{4G_F}{\sqrt{2}} \frac{\alpha }{2 \pi s_W^2} X_t V_{ts}^* V_{tb} \left( \delta _{ii'}\right. \nonumber \\&\left. +\frac{\chi _{ii'}}{X_t V_{ts}^* V_{tb}} \right) \bar{\nu }^{i'}_L \gamma ^\mu \nu ^i_L \bar{s}_L \gamma _\mu b_L , \end{aligned}$$\end{document}$$where$$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\begin{aligned} \chi _{ii'} = -\frac{\pi s_W^2}{\sqrt{2}G_F \alpha }\left( \frac{\lambda '_{i33}\lambda '_{i'23}}{2 m^2_{\tilde{b}_R}} \right) , \end{aligned}$$\end{document}$$and $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$X_t = 1.469 \pm 0.017$$\end{document}$ is a SM loop function involving the top quark \[[@CR87]\]. In principle, the term $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$-{\lambda '_{ijk}\lambda ^{'*}_{i'jk'}\over 2m^2_{\tilde{d}^j_L} } \bar{\nu }^{i'}_L \gamma ^\mu \nu ^i_L \bar{d}^k_R\gamma _\mu d^{k'}_R$$\end{document}$ in Eq. ([16](#Equ16){ref-type=""}) can also generate contributions to the decay, but since we are considering the limit of decoupled left-handed Sparticles, they become irrelevant.
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The purely leptonic operators resulting from the trilinear couplings in ([14](#Equ14){ref-type=""}), affect the Lepton Flavor violating decays $\documentclass[12pt]{minimal}
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Numerical fit and discussion {#Sec13}
============================

After the decoupling of left-handed Sparticle related contributions, the low-energy observables discussed above depend solely on the RPV couplings $\documentclass[12pt]{minimal}
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In total, we see that, by involving the leptonic RPV interactions, we can 'cure' approximately $\documentclass[12pt]{minimal}
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On a final note, we would like to briefly comment on three, relevant issues. First, it is well-known, that RPV interactions that attempt to address LFU violating effects can also generate neutrino masses at one-loop level \[[@CR85]\],$$\documentclass[12pt]{minimal}
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The next comment refers to the resulting SUSY mass spectrum. According to the fit, the mass of the right-handed superpartners spans the 1--10 TeV range, with the $\documentclass[12pt]{minimal}
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Last but not least, as shown in \[[@CR43]\], flavour symmetries similar to the one employed here, when gauged and broken at the $\documentclass[12pt]{minimal}
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Conclusions {#Sec14}
===========
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Since direct searches at LHC has been unfruitful so far \[[@CR74]\], a 'vanilla' MSSM scenario with no fine-tuning is completely ruled out \[[@CR75]\]. Extra structure beyond the MSSM field content could prove to be viable model building direction \[[@CR76]--[@CR78]\].
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We confirm that our fit is at least as good as the one intended to solve the charged-current anomalies with generic RPV couplings up to the small term proportional to $\documentclass[12pt]{minimal}
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                \begin{document}$$g_{\ell L}^{33}$$\end{document}$. Moreover, there is an additional factor of 1 / 2 suppressing the NP contribution, which is not taken into account in Eq. (9) in \[[@CR65]\], as opposed to Eq. (4) in \[[@CR63]\].
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